SEMICONDUCTOR DEVICE, ITS MANUFACTUIRING METHOD AND 
E LE CT RODE P O S I T I ON FRAME 
BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

This invention relates to a semiconductor device, its 
manufacturing method and an electrodeposition frame, and more 
particularly to a leadless surface-mounted resin-sealed 
semiconductor device, its manufacturing method and an 
10 electrodeposition frame on which a semiconductor device is 
mounted. 

2. Description of the Related Art 

Fig. 8 is a sectional view showing a conventional 

semiconductor device which is a leadless surface-mounted 
15 resin-sealed semiconductor device. 

As seen from Fig. 8, metallic layers 3 1 and 3 2 are formed 

on the front surface of a glass epoxy substrate (or ceramic 

substrate) , whereas an electrode metallic layer 5a is formed 

on the rear surface thereof so as to correspond to the metallic 
20 layer 3 2 . The metallic layer 3 2 and the electrode metallic 

layer 5a are electrically conceited to each other via 

through-holes 6. 

A semiconductor element 2 is bonded onto the metallic 

layer 3 l of the glass epoxy substrate i; Electrode pads 2a of 
25 the semiconductor element 2 and the metallic layer 3 2 are 

electrically connected by wirings 4. The semiconductor 
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element with the wirings is resin-sealed by epoxy resin 7. 

In the conventional leadless surface-mounted type 
semiconductor device, as shown in Fig. 8, a large number of 
through-holes 6 are formed on the glass epoxy substrate 1, a 
5 large number of metallic layers 3 1 are formed on the glass epoxy 
substrate 1, and the semiconductor element 2 is bonded to each 
of the metallic layers 3 X . The electrode pads 2a of the 
semiconductor element are connected to the metallic layers 3 2 
□ via the wirings 4 . 

fl 10 In a process of manufacturing a semiconductor device, 

''4 semiconductor elements which are located in several hundreds 

U on a single glass epoxy substrate are wire-bonded and 

res in- sea led. 

F Therefore, in the semiconductor device having a such a 

5 15 structure, the number of through-holes 6 is several times as 
^ large as that of the semiconductor elements 2 so that the number 

of man-hours for forming the through-holes cannot be 
disregarded. This has been a cause of increasing the production 
cost of such a semiconductor device. 
20 Further, in the leadless surface-mounted type 

semiconductor device, in order to form a through-hole in a gap 
between the adjacent semiconductor elements, an area where the 
through-hole is to be formed must be prepared in the gap. 
Therefore, the actual number of the semiconductor elements 
25 which can be mounted in the single glass epoxy substrate is 
limited. This also has been a cause of increasing the production 
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cost. 

Furthermore, in the conventional leadless surface- 
mounted semiconductor device, the semiconductor devices 
mounted on the glass epoxy substrate are resin-sealed. 
5 Therefore, heat generated when the semiconductor element 
operates is not dissipated but stored in the glass epoxy 
substrate. Namely, the conventional leadless surface-mounted 
semiconductor device has poor heat dissipation. 
SUMMARY OF THE 1NVETNI0N 
10 This invention has been accomplished .in order to obviate 

the inconveniences described above. 

A first object of this invention is to provide a leadless 
surface-mounted semiconductor device which can be manufactured 
at low cost and provides improved heat dissipation. 
15 A second object of this invention is to provide a method 

of manufacturing such a semiconductor device. 

In order to attain the first object, semiconductor 
device comprising : 

a semiconductor element bonded on a first metallic 

20 layer; 

a wire for electrically connecting an electrode pad of 
the semiconductor element to a second metallic layer; and 

a resin package for sealing the semiconductor element, 
wherein rear surfaces of the first 'metallic layer and the 
25 second metallic layer are flush with a bottom of the resin 
package . 
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This configuration provides a leadless semiconductor 
device in which the semiconductor element sealed within the 
resin package is mounted on the metallic film exposed from the 
bottom of the resin package and the metallic layer for external 
5 extension is exposed from the bottom of the resin package. In 
this configuration, a glass epoxy substrate or a ceramic 
substrate is not employed. Therefore, the semiconductor 
device can be made low in height so that good heat dissipation 
from the semiconductor element can be given. Since the above 

10 metallic layers are thin films, the leadless semiconductor 
device with good conductivity can be provided as compared with 
the semiconductor device using leads. 

Since the semiconductor device does not require an 
expensive substrate, it can be manufactured at relatively low 

15 cost. In addition, since the metallic layers and the resin 
package are flush with each other on the rear surface of the 
semiconductor substrate, when the semiconductor device is 
mounted on a circuit board, it can be brought into intimate 
contact with the circuit board. Further, heat generated from 

20 the semiconductor elements can be easily dissipated through the 
circuit board. A very thin flat electrode metallic layer may 
be deposited on the rear surface of the metallic layer for 
external extension as occasion demands. 

Preferably, the first metallic layer on which the 

25 semiconductor element is placed has a larger area than that of 
a bottom surface of the semiconductor element. 
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This configuration provides a sufficient creepage 
distance from the surface of the resin package to the 
semiconductor element, thus improving humidity resistance of 
the semiconductor element. 
5 Preferably, the first metallic layer is thicker than the 

second metallic layer, and the first metallic layer has a 
smaller area than a bottom area of the semiconductor element. 

In this configuration, since the metallic layer on which 
the semiconductor element is placed is thicker, a sufficient 
10 creepage distance from the bottom of the resin package to the 
semiconductor element can be given so that the semiconductor 
device is given improved humidity resistance, and the 
semiconductor element having a relatively large size can be 
resin sealed. 

15 Further, since the metallic layer on which semiconductor 

element is placed is made thicker, the semiconductor element 
can be arranged centrally within the resin package. For this 
reason, even when the semiconductor device suffers from thermal 
stress, the resin package is difficult to rupture. 

20 Preferably, the second metallic layer for external 

extension is individually exposed from a bottom of the resin 
package . 

In this configuration, the second metallic layer can take 
any optional shape. It is needless to 'say that the second 
25 metallic layer is made integral. 

In accordance with another aspect of this invention, 
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there is provided a method of manufacturing a semiconductor 
device comprising the steps of: 

forming an electrodeposition frame on a flexible flat 
metallic substrate, the electrodeposition frame with first 
5 metallic layers and second metallic layers for external 
extension being patterned; 

contiguously mounting a plurality of semiconductor 
elements each with electrode pads thereon, on the first metallic 
layers , respectively ; 
10 wire-bonding the electrode pads to the second metallic 

layers which are located between the semiconductor elements ; 

resin-sealing the semiconductor elements mounted on the 
electrodeposition frame ; 

removing the metallic substrate to provide a resin 
15 sealing body; and 

cutting the resin sealing body into individual 
semiconductor devices with the air of cutting marks formed the 
first and second metallic layers. 

This provides a method of manufacturing a semiconductor 
20 device using a flexible flat metallic substrate but not a 

substrate similar to the glass epoxy resin. By removing the 
flexible flat metallic substrate of the electrodeposition frame, 
the resin sealing body with a large number of semiconductor 
elements resin-sealed can be formed. Since the metallic 
25 substrate is flexible, when the metallic substrate is removed 
from the resin sealing body, the resin sealing body is difficult 
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to suffer from stress. 

The above manufacturing method , after the step of cutting, 
preferably includes the step of: 

depositing metallic layers for electrodes to the second 
5 metallic layers exposed from a rear surface of the resin sealing 
body . 

Since the metallic layers can be deposited to have a very 
small thickness by electrolytic or non-electrolytic plating as 
occasion demands, they are brought into intimate contact with 

10 the circuit board. 

In the step of cutting of the resin sealing body, it is 
cut along a center line of each of the second metallic layers 
to provide metallic layers for external extension for adjacent 
semiconductor elements . 

15 In this step, since the adjacent semiconductor devices 

can be mounted contiguously on the metallic substrate, the 
semiconductor elements can be densely arranged on the metallic 
substrate . 

Preferably, the electrodeposition frame 
20 is resin sealed together with the semiconductor elements using 
the metallic substrate as a lower die. In this configuration, 
the metallic layers can be formed independently in the 
electrodeposition frame . 

The above and other objects and features of this invention 
25 will be more apparent from the following description taken in 
conjunction with the accompanying drawings. 



7 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are a sectional view of an embodiment of 
the semiconductor device according to this invention and a 
bottom view thereof; 
5 Figs. 2A and 2B are a sectional view of an embodiment of 

the semiconductor device according to this invention and a 
bottom view thereof; 

Figs . 3A, 3B and 3C are a plan view of a metallic substrate , 
a plan view of a metallic substrate with a patterned metallic 
10 layer, and an enlarged cutaway plan view of the pattern metallic 
layer , respectively ; 

Figs. 4A to 4E are sectional views showing respective 
steps of an embodiment of a method of manufacturing a 
semiconductor device according to this invention; 
15 Figs . 5A to 5D are sectional views showing respective 

steps successive to the step of Fig. 4E in the embodiment of 
a method of manufacturing a semiconductor device according to 
this invention; 

Fig. 6A and 6B are a partially cutaway perspective view 
20 of a resin sealing body, and a bottom view of the resin sealing 
body , respectively ; 

Fig. 7 is a bottom view of still another embodiment of 
a semiconductor device according to this invention; and 

Fig. 8 is a sectional view of a conventional semiconductor 
25 device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Now referring to the drawings, an explanation will be 
given of various embodiments of a semiconductor device 
according to this invention, a manufacturing method and an 
electrodeposition frame used therein. A concrete explanation 
5 will be given of a resin-sealed leadless surface-mounted 
semiconductor device to which this invention is directed. 

Figs. 1A and IB are a sectional view of an embodiment of 
a leadless surface-mounted semiconductor device according to 
this invention and a bottom view thereof. In these figures, 
10 reference numeral 2 denotes a semiconductor element with 

electrode pads formed thereon. Reference numeral 7 denotes a 
resin package for sealing the semiconductor element 2. The 
electrode pads 2a of the semiconductor element 2 are 
electrically connected to metallic layers 8a for external 
15 extension by means of wirings 4. 

The semiconductor element 2 is bonded to a metallic layer 
8b. The area of the metallic layer 8b is wider than that of 
the bottom of the semiconductor element 2. The semiconductor 
element 2 is bonded centrally to the metallic layer 8b. The 
20 area of the bottom of the semiconductor element 2 is smaller 
than that of the metallic layer 8b so that a sufficient creepage 
distance is provided between the semiconductor element 2 and 
the bottom of the resin package 7. 

The bottom of the metallic layers 8a and 8b is exposed 
25 from the resin package 7. The externally exposed planes of the 
metallic layers 8a and 8b are flush with the bottom surface of 
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the resin package 7. Flat thin-film metallic layers 8c are 
formed on the bottom surfaces of the metallic layers 8a and 8b. 

The metallic layers 8a and 8 each is composed of a Ni or 
Ni-Co thin film of nickel (Ni) or nickel-cobalt (Ni-Co) alloy 
which is electrically deposited on the exposed side and a gold 
(Au) or silver (Ag) thin film. The Ni or Ni-Co alloy thin film 
is 20 - 35 |Jm and the Au thin film is about 0.05-3 |Jm. The 
metallic layer 8c is composed of a Ni or Ni-Co thin film of Ni 
or N-Co alloy and a Su , Au or Ag thin film. The Ni or Ni-Co 
alloy thin film is about 5 \Xm. The Sn thin film is 3 - 15 |Jm. 
The Au or Ag thin film is about 0.3 |im. 

Where the Ni or Ni-Co thin film is deposited after a 
metallic film with good solderbility such as Au or Au alloy has 
been deposited on the surface of a metallic substrate (described 
later) , it is not necessary to form the metallic layer 8c. 

It should be noted that the semiconductor device 
according to this invention is not directed to a package 
structure inwhich a semiconductor element and other elements 
mounted on a glass epoxy or ceramic substrate are resin-sealed, 
but a structure in which the semiconductor element is housed 
in a resin package and the metallic film is exposed from the 
resin package. 

Thus, since the semiconductor device which does not 
require the substrate on which the semiconductor element is 
mounted, its height is low. This permits the semiconductor 
device to be mounted on a printed board in balance. 
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Accordingly, the semiconductor device according to this 
invention has an advantage that the components are difficult 
to stand up when they are mounted in the printed board . Further , 
the semiconductor device can be mounted in the printed board 
in such a manner that the former is bonded to the printed board 
with the aid of adhesive applied to the bottom of the 
semiconductor device . 

Referring to Figs. 2A and 2B , an explanation will be given 
of the second embodiment of this invention. 

Figs. 2A and 2B are a sectional view of an embodiment of 
the semiconductor device according to this invention and a 
bottom view thereof. In the semiconductor device shown in Fig. 
2, the metallic layer 8b is thicker than the metallic layer 8b 
of the semiconductor device shown in Fig. 1 and the area of the 
bottom of the semiconductor element 2 is larger than that of 
the metallic layer 8b. Therefore, the semiconductor element 
2 is sealed in the resin package 7 at the height of about 20 
\xm or more from the bottom of the resin package 7. 

Therefore, in the semiconductor device according to this 
invention, sufficient creepage distance is provided between the 
semiconductor element 2 and the bottom of the resin package 7. 
In addition, the semiconductor element 3 having a relatively 
large size can be resin-sealed. 

Further, since the semiconductor device is resin-sealed 
so that resin is extended to the bottom of the semiconductor 
element 2, a sufficient creepage distance is provided so that 
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the semiconductor device can have high moisture resistance. 

Furthermore, a relatively large element can be resin- 
sealed in a small resin package. 

- The remaining structure of the semiconductor device in 
5 Figs. 2A and 2B, which is the same as that of the semiconductor 
device shown in Fig. 1A and IB, is not described here. 

Referring to Figs. 3 to 6, an explanation will be given 
of an embodiment of a method of manufacturing a semiconductor 
device shown in Fig. 1. This manufacturing method is directed 
10 to a process in which a leadless surface-mounted semiconductor 
device is formed on a flexible planar metallic substrate and 
the metallic substrate is removed. 

First, a flexible leadless planar metallic substrate 9 
is prepared. The metallic substrate 9 is made of thin stainless 
15 steel and 0 . 1 mm thick. The metallic substrate 9 has holes 9a 
and 9b which are used for its automated transfer and holes which 
are used for its securing into a mold. 

Fig. 3B shows an electrodeposition frame in which a 
pattern of a metallic layer on which a semiconductor element 
20 is mounted is formed. Within the electrodeposition frame, the 
semiconductor element 2 located on the one side of the metallic 
substrate 9 is resin-sealed so that a resin sealing body is 
formed on the one side of the metallic substrate. 

Now referring to Figs. 4 and 5, ah explanation will be 
25 given of the first to eighth steps of a process for manufacturing 
a semiconductor device according to this invention. 
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1) The first step is to electro-deposit an metallic film on 
the entire surface on the one side of a metallic substrate 9 
of e.g. stainless steel by electrodeposition . First, a 
photosensitive resist film is applied on the one surface of the 

5 metallic substrate by spin coating. The entire resist film thus 
applied is exposed to light so that it is hardened. 

The metallic substrate 9 with a mask is immersed in an 
electrodeposition bath' to form a metallic layer 8 on the other 
surface of the metallic substrate 9. The metallic layer 8 is 
10 a Ni or Ni-Co alloy thin film formed by electrodeposition. 

Thereafter, on the Ni or Ni-Co alloy thin film, gold is deposited 
by vacuum deposition by flush technique or sputtering. 

Specifically, a current is passed between the metallic 
substrate 9 and an electrode within the electrodeposition bath 
15 so that the metallic layer 8 of the Ni or Ni-Co alloy thin film. 

The Ni or No-Co alloy thin film has a thickness of e.g. 20 - 
35 pm, and the gold thin film has a thickness of 0.3 |im. 

Incidentally, by vacuum-depositing an alloy containing 
gold on the metallic substrate 9 by the flush technique prior 
20 to electro-depositing the Ni or Ni-Co alloy film, the subsequent 
step of forming an electrode metallic layer can be omitted. 

2) The second step is to etch the metallic layer 8. In this 
etching step, as seen from Fig. 4B , a mask of a resist film 10 
is formed on the one side of the metallic substrate 9. Resist 

25 films 10a and 10b are selectively formed on the metallic layer 
8 of the metallic substrate 9 . 
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Thereafter, as seen from Fig. 4C, the metallic layer 8 
is selectively etched away to form an electrodeposition frame 
with metallic layers 8a and 8b formed on the one side of the 
metallic substrate 9. As seen from Fig. 3B , the 
5 electrodeposition frame has an area E on which a semiconductor 
element is to be formed and a gold wire is to be wire-bonded 
thereto. On the area E, the metallic layers 8a and 8b are formed 
in a matrix shape. Fig. 3C shows a detailed pattern of the 
metallic layers. 

10 Fig. 3C shows the pattern of the wire-bonding area on the 

rear surface of a resin-sealed body (described later) when the 
metallic substrate is removed. This pattern has dicing marks 
9d and 9c for cutting the body with a plurality of semiconductor 
elements resin-sealed into individual semiconductor device. 

15 In cutting, cutting lines are set between the dicing marks 9d 
and 9c. 

3) The third step is to mount semiconductor elements . In this 
step, as seen from Fig. 4D, semiconductor elements 2 are mounted 

20 on the metallic layers 8b by a known technique. On the surface 
of each semiconductor element 2, as seen form Fig. 1, electrode 
pads 2a are formed. 

4) After the semiconductor elements 2 have been mounted on 
the electrodeposition frame, the manufacturing process 

25 proceeds to a fourth step which is to wire-bond gold wires 4 
to the semiconductor element 2. The wires 4 are electrically 
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connected between the electrode pads 2a of the semiconductor 
element 2 and the metallic layers 8a by means of e.g. ultrasonic 
bonding. 

5) The wire bonding step of Fig. 4E is succeeded by a fifth 
5 step which is resin-molding. The resin-molding step is to 

to mount the electrodeposition frame after the semiconductor 
elements 2 mounted on the metallic substrate 9 have been 
subjected to wire bonding in a molding die (upper die) or resin 
sealing body 11. 

10 Epoxy resin is press-fit in the cavity (not shown) formed 

in the molding die . In this molding die , the metallic substrate 
9 serves as a lower die. 

A large number of electrodeposition frames on which the 
semiconductor elements are mounted are resin-sealed in such a 

15 manner that the metallic substrates on each of which the 

semiconductor elements are mounted are arranged in parallel, 
and the epoxy resin is press-fit into between the respective 
metallic substrates and the upper dies. 

6) The resin molding step is succeeded by a sixth step which 
20 is to remove the metallic substrate as shown in Fig. 5B . As seen 

from Fig. 5B , the metallic substrate 9 is removed from the resin 
sealing body 11. The metallic substrate 9, which is a flexible 
plate, can be easily removed from the resin sealing body 11. 
The metallic layers 8a and 8b are exposed from the bottom of 
25 the resin sealing body 11 . The exposed surfaces of the metallic 
layers 8a and 8b are flush with the bottom of the re.sin sealing 
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body 11. Where the Ni or Ni-Co alloy thin film is exposed, the 
removing step is succeeded by a seventh step which is a dicing 
step . 

7) The seventh step is to dice the resin sealing body shown 
5 in Fig. 5D along dicing lines S. The sealing body is cut out 
to provide the semiconductor elements. Specifically, the 
resin sealing body 11 is cut from the center line of each 
metallic layer 8a between the semiconductor elements 2 to 
provide individual semiconductor devices . 

10 Now referring to Figs. 6A and 6B , an explanation will be 

given of the dicing step which is the seventh step. Fig. 6A is 
a partially cutaway perspective view of a resin sealing body 
11 with a large number of resin-sealed semiconductor devices. 
Fig. 6B is a bottom view of the resin sealing body. 

15 In these figures, SI and S2 denote dicing lines, 

respectively. The grooves 7a and 7b formed in the resin sealing 
body 11 are cut along the dicing lines SI and S2 from the bottom 
of the metallic substrate 9 so that the resin sealing body 11 
is divided into individual semiconductor devices. 

20 As seen from Fig. 6B which is a bottom view of the resin 

sealing body 11 , the electrode metallic layer 8a is cut out along 
the dicing line S2 between the dicing marks Mil and M12 so that 
the adjacent metallic layers 8a serve as the metallic layers 
for external extension. 

25 The metallic layer 8b is cut out along the dicing line 

SI between dicing marks M21 and M22. Thus, the resin sealing 
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body 11 is divided into the individual semiconductor devices 
in such a manner that it is cut along the dicing lines SI and 
S2 in the dicing step. 

The dicing step is succeeded by an eighth step of making 
5 an electrode. 

8) In the eighth step, as seen from Figs. 1 and 2, gold thin 

films 8c are applied to the metallic layers 8a and 8b at the 
bottom of the resin sealing body 2 of each of the individual 
semiconductor devices thus diced, respectively by means of the 
10 flush technique or electrolytic or non-electrolytic plating. 

Further, a Ni or Ni-Co alloy thin film is deposited electrically 
deposited on each of the gold layers to complete an external 
electrode . 

f 

I The electrodeposition frame can be made not only by the 

15 \ technique described above but another technique. Namely, 

(after the thin film of gold or a gold alloy on the metallic 
substrate has been made, it may be patterned and thereafter the 
thin film metallic thin film of Ni or Ni alloy may be electrically 
deposited thereon . 
20 \ The thin film of gold or gold alloy on the metallic 

substrate is selectively deposited electrically on the metallic 
substrate 9 in such a state where a resist film deposited on 
the entire surface of the metallic substrate and patterned on 
the other surface thereof so that the surface of the metallic 
25 substrate corresponding to the areas where the semiconductor 
elements are to be mounted and the metallic layers are to be 
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formed is exposed whereas the remaining area is covered with 
the resist film. 

The patterned resist film is thereafter removed. A Ni 
or Ni-Co alloy film is formed on the entire surface on which 
5 the gold thin film has been formed. Thereafter, the Ni or Ni-Co 
alloy film is selectively removed. 

Through such a manufacturing process , the metallic layers 
8a and 8b are formed on the metallic substrate 9 as explained 
in connection with the above embodiment. The subsequent steps, 
10 which are the same as those described above, will not be 
explained here. 

In the embodiment described above, the metallic substrate 
9 is made of stainless steel having a thickness of 0.1 mm. 
However, this thickness should not be limited to this value. 
15 In this case, the metallic substrate is preferably removed from 
the resin sealing body with the semiconductor elements resin 
sealed. 

In the conventional semiconductor device in which the 
metallic substrate is made of copper, the copper substrate must 
20 be removed by etching. However, the stainless steel substrate 
can be easily removed from the resin sealing body . For example , 
the stainless steel may be any one of SUS in the system of 
notation in the Japanese Industrial Standards. 

Where the semiconductor device a£ shown in Fig. 2 is 
25 manufactured in which the metallic layer 8b on which the 

semiconductor element 2 is mounted is thicker than the metallic 
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layer 8a , after the metallic layer 8a has been formed on the 
metallic substrate , with a resist mask for forming the metallic 
layer 8b, the metallic substrate is immersed for 
electrodeposition for the metallic layer 8b in a longer time 
5 than the time taken for electrodeposition of the metallic layer 
8a. The subsequent steps have been described above. 

As seen from Fig. 7 which shows the bottom of the 
semiconductor device, the metallic layers 13 exposed from the 
resin package 7 have a flat surface, and the electrode pads 2a 
10 of the semiconductor element 2 sealed in the resin package 7 
are electrically connected to the metallic layers 13 by means 
of wires 4 . 

As described above, in the semiconductor device according 
to this invention, the semiconductor elements are sealed in 

15 resin package so that the metallic layers for external extension 
are exposed from the bottom of the resin package. In addition, 
the bottom of the resin package is flush with that of the metallic 
layers for external extension. The Ni or Ni-Co alloy thin film 
and the Au thin film are formed on the metallic layers as external 

20 electrodes. The external electrodes protrude slightly from 
the bottom of the resin package. Thus, the semiconductor device 
can be mounted on a circuit board so that its bottom is in contact 
with the circuit board. 

25 
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